Pulmonary hypertension may be either primary of unknown aetiology or secondary to eXisting cardio-respiratory disease. As a single entity the prognosis is poor but superimposition of the physiological changes of pregnancy and labour produces a lethal condition. This paper sets out two clinical cases of primary pulmonary hypertension as background for discussion to highlight the issues involved. Whatever this discussion does, let it be clearly spelt out that prevention is better than any proposed cure.
Primary pulmonary hypertension can be defined as mean pulmonary artery pressure greater than 25 mmHg with no evidence of cardiorespiratory or thrombembolic disease. 3 It is a progressive disease with an average survival oftwo to three years but in a number of patients survival has exceeded ten years. 1, 4 Adverse prognostic indicators are: (a) Right ventricular failure (b) Low cardiac index « 2-2.5 lIminlm2).
(c) Elevated right atrial pressure (> 10 mmHg) (d) High pulmonary vascular resistance (> 1,000-1,500 dyn.s.cm· 5 ) . Absolute pulmonary artery pressure is a poor prognostic indicator of the disease. [5] [6] [7] The pathophysiology of primary pulmonary hypertension is a progression of: (a) increased right ventricular afterload (b) right ventricular hypertrophy and dilation ( c) right ventricular dysfunction and! or ischaemia.
In response to an increased pulmonary vascular resistance (PVR) the right ventricle hypertrophies to generate an adequate pressure to maintain flow. Dilatation also occurs thus augmenting pre-Ioad and maintaining cardiac output through the Frank-Starling mechanism. 1 ,8 This compensation has its limits and results in a relatively fixed cardiac output which severely limits activity.9,1O The workload of the right ventricle is greatly increased but the oxygen supply is mechanically limited by an increase in right ventricular end-diastolic pressure. Systemic hypotension or tachyarrythmia will further embarrass the demand-availability curve with possible frank ischaemia. 8 Dilatation and hypertrophy will cause displacement of the interventricular septum limiting filling and perhaps outflow from the left ventricle. 9 Superimposed on these changes are the normal demands of pregnancy and labour. This will include for pregnancy alone an increase in cardiac output and blood volume of approximately 40% by twenty to twenty-four weeks. Labour itself, particularly if painful, may increase the demands on cardiac output a further 50 to 60%. Oxygen consumption increases by 20% during pregnancy and is markedly elevated with painful uterine contractions (63%). 11, 12 These increases in oxygen requirement and cardiac output may result in right ventricular failure and hypoxia in both mother and foetus.
In 1963 McCaffrey et al. 2 reviewed the literature and described a maternal mortality of over 50% (9/16 ). Five of the nine patients died or had a severe deterioration during parturition. Seven of the nine had a sudden collapse and the third stage of labour was a particularly stressful period. 2 The outcome has not improved despite the introduction of invasive cardiovascular monitoring and aggressive circulatory management. Since 1982 there have been eight cases monitored with pulmonary artery catheters reported in English language Journals with a survival rate of 25% (2/8) . [13] [14] [15] [16] [17] [18] [19] [20] All deaths occurred in the post partum period at least two days after delivery. Sudden collapse occurred in four patients, two to nine days after deliveryl3. 16 and two died of right ventricular failure. 17.18 There are three reported cases of caesarean section, one in McCaffrey's review 2 and two since 1982. 14 ,17 The maternal survival rate is zero in these reported cases and it was based upon these reports that the two clinical cases now to be presented were planned to have vaginal delivery. CASE 1 A 31-year-old woman at 27 weeks' gestation presented with increasing shortness of breath. She had a past history of primary pulmonary hypertension diagnosed seven years previously, epilepsy, systemic lupus erythematosus (SLE) and mild asthma. She had been well with reasonable exercise tolerance up until the previous three months when she had become increasingly dyspnoeic and was now breathless on minimal exertion. On examination her vital signs were pulse 10S/min, BP 110/8S, respiration 28/min and temperature 36.8°C, Her jugular venous pressure was elevated at 7 cm, she had a right ventricular heave, a palpable second heart sound and a loud split pulmonary component of the second sound. On lung auscultation there was good air entry with widespread expiratory rhonchi. Her electrocardiograph showed right ventricular hypertrophy and strain and P-pulmonale. The chest radiograph showed cardiomegaly and. dilatation of the pulmonary artery trunk. The cardiac catheter results from seven years previously are displayed in Table 1 . Her initial treatment was with nebulized salbutamol 1.0 ml O.S% solution four hourly, heparin SOOO units t.d.s. subcutaneously and she was given SO% oxygen for sixteen hours daily. The foetus was a breech presentation and remained so throughout gestation. Foetal ultrasound showed a normal foetus of consistent size for dates. The patient improved progressively over the next eight weeks with a decrease in her breathlessness.
The SLE had been quiescent for a number of years and she had no apparent renal involvement. She developed mild proteinuria during admission, her creatinine and urea were normal and the glomeruler filtration rate was 64 mllminute.
At 36 weeks' gestation her membranes ruptured spontaneously and she began contracting six hours later. She was transferred to Coronary Care and a pulmonary artery catheter and arterial line were inserted. Initial measurement revealed severe pulmonary hypertension which had worsened since the cardiac catheter seven years previously with a markedly raised pulmonary vascular resistance (1211 dyn.s.cm· S ) and lowered cardiac output (3.7 lImin). During labour she was nursed in the lateral position and 40% oxygen was administered. Her initial blood gases were mmHg pH7.44, PaC02 29 mmHg, P a o 2 80 mmHg, HC03 20 mEq/L An epidural catheter was inserted at the Ll/2level and bupivacaine 0.2S% S.O ml injected. The resultant block extended from T9 to LS and caused a mild drop in blood pressure and systemic vascular resistance (SVR) with no change in cardiac output or pulmonary pressures ( Table 1 ). Over the next twelve hours she received 3 to S ml boluses ofO.2S% bupivacaine every one to two hours. The block extended from T9 to LS and produced good analgesia with minimal haemodynamic disturbance. Initially sodium nitroprusside was titrated up to 1.0 /!g!kglmin. This produced a moderate increase in cardiac output and a decrease in pulmonary vascular resistance (Table I) .
However it subsequently caused a fall in systemic arterial pressures and the infusion was ceased. The pulmonary vascular resistance began to rise and the cardiac output fell and so prostaglandin El (PG El) was titrated up to 6.6 Jlg/kglmin with significant improvement (Table 1) . Labour was progressing slowly and an oxytocin infusion was started cautiously. As labour progressed, the patient began to experience perineal discomfort. A 5 ml bolus of 0.5% bupivacaine was administered with the patient sitting up. This produced a block from TS to S5 with good analgesia but significant hypotension (90/60). This responded to fluid loading and IV ephedrine 30 mg incrementally. There was an associated foetal tachycardia and occasional Type-2 dips which resolved with the improvement in systemic pressure and cessation of the oxytocin infusion. One hour later the patient was experiencing abdominal pain with contractions and a 4 ml bolus of 0.5% bupivacaine was administered resulting in good analgesia. Fifty minutes later the patient became severely hypotensive with an increased PVR and decreased cardiac output and SVR ( Table 1 ). The uterus was tonically contracting and the cardiotocograph showed a bradycardia (90) with Type-2 dips. The PGE 1 was ceased. Despite 500 ml of Stable Plasma Protein Solution (5%) and ephedrine 30 mg there was little improvement. A dobutamine infusion caused little change and so dopamine was titrated to 35 Jlg/kglmin. Blood pressure improved (90170) and prostacyclin was begun (10-50 nglmin) in an attempt to decrease pulmonary vascular resistance. The foetal heart trace failed to improve and it was decided to proceed to caesarean section. The epidural block was at T9 to pin-prick but proved adequate for the procedure. A stillborn female was delivered and failed to respond to resuscitation. There was a blood loss of approximately 300 ml and the uterus contracted well when 3 units of oxytocin were cautiously titrated intravenously. The patient's condition was relatively stable during the procedure and the blood pressure progressively improved. Epidural morphine 2.5 mg was administered for postoperative pain relief. One and a half hours after the procedure the patient's mean arterial pressure (MAP) had risen to SI mmHg and unfortunately the mean pulmonary artery pressures remained high (SI mmHg). Dopamine at 35 Jlg/kglmin and prostacyclin 10 ng/min were being infused. Unfortunately cardiac output was not measured at this time. The patient suddenly developed a broad complex bradycardia with no output. The patient was intubated and external cardiac compression was commenced. A spontaneous rhythm and output was established with adrenaline 2 mg intravenously, sodium bicarbonate 50 mmol and intracardiac adrenaline 1.0 mg. Shortly thereafter she again developed a broad complex bradycardia and then asystole which failed to respond to therapy. CASE 2 A twenty-six-year-old woman presented at twenty-seven weeks' gestation with a history of increasing dyspnoea on exertion, mild orthopnoea and palpitations on exertion. She had a past history of chronic active hepatitis (autoimmune) and essential hypertension. Her current medication was prazosin 2 mg b.d. and prednisolone 10 mg daily. She had two previous pregnancies resulting in two healthy children ten and eight years previously. Both had been normal vaginal deliveries with the second being induced due to pre-eclampsia.
On examination her vital signs were pulse 120 blmin, BP 120170 mmHg, respiration 20 and temperature 36.S·C. She was slightly dyspnoeic at rest, the jugular venous pressure was not elevated and there was no ankle oedema. She had a right ventricular heave and a loud pulmonary component of the second heart sound. The lung fields were clear. The electrocardiogram showed right ventricular hypertrophy and right axis deviation. The chest radiograph showed a prominent pulmonary artery but no cardiomegaly. Echocardiography showed pulmonary hypertension with a systolic pulmonary artery pressure of 7S mmHg (an estimated value) and right ventricular enlargement with mild tricuspid incompetence. There was no evidence of an intracardiac shunt. A diagnosis of pulmonary hypertension was made and the patient was treated with bed rest, oxygen and subcutaneous heparin 10,000 units bd. Over the next five weeks her condition remained much the same. Her dyspnoea persisted but there was no evidence of right ventricular failure. As her condition was stable, she had a favourable past obstetric history and the foetus was developing normally, it was decided to allow the pregnancy to progress provided her condition remained stable.
At thirty-four weeks' gestation the membranes ruptured spontaneously and mild contractions commenced. She was tranferred to Coronary Care where an intra-arterial line, pulmonary artery catheter, large-bore intravenous catheter and urinary catheter were inserted. Her clotting studies were normal and blood gases on room air were pH 7.47, PC02 25.3, P02 S2, HC03 IS.5, BE 4.1. She had moderate pulmonary hypertension with a mean pulmonary artery pressure of 53 mmHg. There was no evidence of right ventricular decompensation with a central venous pressure (CVP) of 1 mmHg and a cardiac output (CO) of 5.5 lImin ( Table 2 ). The foetus was a cephalic presentation and the cervix was 1 cm dilated but not effaced. Under these favourable circumstances it was decided to proceed with vaginal delivery. Oxygen was administered and she laboured in the lateral position to avoid caval compression. Over Table 2 ). There were no signs of foetal distress but due to the mother's deteriorating condition and the poor progress of the labour it was decided to perform a caesarean section under general anaesthesia. Thirty millilitres of sodium citrate were administered and the patient was preoxygenated while the abdomen was prepared. Anaesthesia was induced with fentanyl 1 000 ~g, pancuronium 8 mg and thiopentone 100 mg. Cricoid pressure was applied and the patient was ventilated with isoflurane 0..5 to 1%. The patient was intubated and anaesthesia was maintained with 0.5 to 1 % isoflurane. There were moderate rises in pulmonary and systemic pressures during induction (30%) which were controlled with isoflurane and a GTN infusion. PVR was reduced and CO was maintained during anaesthesia ( It was decided to ventilate the patient for 12 to 24 hours in order to maintain hypocarbia, avoid hypoxia and provide optimal analgesia, A morphine infusion provided analgesia and a midazolam infusion was used for sedation. The patient was deeply sedated to avoid systemic and pulmonary hypertension when she was stimulated, e.g. suctioning, positioning. Despite this she continued to have episodes of hypertension and sodium nitroprusside was substituted for the GTN infusion. PVR rose and CO fell markedly but this was controlled by increasing the nitroprusside infusion to O. 75 ~glkglmin ( Table 2 ). Urine output had decreased ~o 20. ml per hour 8 hours postoperatively with a CVP of 13 and CO of 3.6 I/min. This responded to frusemide 20 mg. Twelve hours postoperatively the pulmonary artery catheter was unable to be wedged and during manipulation was displaced into the right ventricle. Despite multiple attempts and the assistance of an image intensifier the catheter was unable to be replaced in the pulmonary artery. The nitroprusside infusion was continued and the patient's condition remained stable overnight.
The patient was extubated twenty-four' hours postoperatively. She continued to have systemic hypertension and this was controlled over the next 48 hours with oral diltiazem 60 mg tds while the nitroprusside infusion was weaned. Seventy-two hours postoperatively she developed a Staphlycoccus aureus septicemia which was most likely due to S.aureus infection at the intra-arterial line site. This responded briskly to vancomycin initially and then flucloxacillin when it was found to be sensitive. She was discharged from Coronary Care seven days postoperatively. A wound infection developed with eventual wound dehiscence and this was resutured with anaesthesia provided by bilateral intercostal blocks and local infiltration. The patient is now doing well but remains short of breath on exertion.
DISCUSSION
The management of these patients revolves around the following questions: 1. What is the severity of the disease? 2. What is the plan for delivery? 3. How can circulatory stability be maintained? 4. How to provide analgesia and/or anaesthesia?
Because of the complex nature of the problem a multi-disciplinary approach is essential with the involvement of an obstetrician, cardiologist, paediatrician and anaesthetist undertaking frequent review of the clinical state of the patient.
What is the severity of the disease?
The initial step is assessment of the clinical state of the patient, a deterioration often precipitating admission to hospital. There should be frequent review of the patient by the multi-disciplinary team especially as cardiovascular changes reach their peak late in the second trimester. Right ventricular failure is an ominous sign2 and must be controlled before parturition if possible. The ECG and chest X-ray will provide further evidence regarding right ventricular function. The echocardiogram provides an on-going estimate of systolic pulmonary artery pressure and atrial and ventricular size. 1 The ultimate diagnostic tool is the pulmonary artery catheter. Right ventricular preload (right atrial pressure), cardiac output and right ventricular afterload (pulmonary vascular resistance) can be measured. The timing of the pulmonary artery catheter will depend upon the clinical state of the patient and the impending delivery.
Baseline cardiac output, right atrial pressure and pulmonary vascular resistance will assist in predicting maternal outcome. Since 1982 the only two survivors had a cardiac output or cardiac index greater than 5.0 lImin and 4.0 lImin/m 2 respectively, right atrial pressures less than 10 mmHg and pulmonary vascular resistance less than 1000 dyn.s.cm· 5 . 19,20 If the mother has severe pulmonary hypertension (e.g. cardiac output less than 4 lImin and/or pulmonary vascular resistance > 1000 dyn.s.cm-5 and/or right atrial pressure greater than 10 mmHg 5 -7 then as seen in Case 1 the mother is unlikely to survive labour and the post partum period. 13 ,16,17 The foetus however has a good prognosis provided delivery is expedited before a major deterioration in maternal condition.
What is the plan for delivery?
This is the most difficult decision both from the mode and timing. It may of course be taken out of your hands by a serious deterioration in the maternal or foetal condition.
As already reported the best maternal survival rate is with vaginal delivery. The small numbers may represent a bias or those having caesarean section may have been in extremis. It is interesting to note that in Eisenmenger's syndrome, caesarean section carries a similarly high mortality, 75% versus 34%, for vaginal delivery. 21 The only two survivors since 1982 were both delivered vaginally. I t is also fair to say that caesarean section imposes a greater physiological trespass on the patient in terms of anaesthesia, haemorrhage 22 uterine manipulation 17 and the potential for embolism (air and amniotic fluid).23,24 Also caesarean section per se has a higher morbidity and mortality than vaginal delivery due to sepsis, anaesthesia, haemorrhage and thromboembolism. 25 Superimposed on this theoretical discussion is the practical aspect of the obstetric history both past and present which will influence greatly the mode of delivery. If vaginal delivery is chosen there must be facilities and personnel for an immediate caesarean section. It is upon this background that it was decided to attempt vaginal delivery in both cases despite the severity of pulmonary hypertension and the slightly unfavourable obstetric presentation in case one.
How can circulatory stability be maintained?
The basic aim during pregnancy labour and delivery is to maintain cardiac output and oxygen delivery to mother and foetus. Normally stroke volume depends on preload, contractility and afterload with the right and left sides working harmoniously. In pulmonary hypertension there is an increase in right ventricular afterload with the left ventricle's function now limited by the output of the right ventricle. Therein lies the fragility of these patients because with an adverse change in preload, contractility or afterload, cardiac output will fall with consequent hypotension and the vicious cycle commences. 8 As cardiovascular demands reach their peak at twenty-eight to thirty weeks 11 the patient should be admitted to hospital for close monitoring and to minimize cardiovascular demands. Right ventricular failure often supervenes at this stage and may respond to bed-rest, digoxin and diuretics. 1 Oxygen therapy will improve foetal oxygenation under circumstances where maternal hypoxia is not uncommon. 1
Anticoagulants are controversial in their therapeutic benefit l ,26 but low-dose heparin seems advisable in preventing thrombembolism in the pregnant patient with a low output state and resting in bed. Anticoagulants however do compromise anaesthetic management in that they may make epidural and spinal blockade inadvisable.
Labour and delivery are unstable periods and monitoring should be intense. 2 Monitoring should extend from three to five days post-delivery because of the high incidence of sudden deterioration during this period. Pulmonary artery catheterization provides much information about ventricular function and pulmonary vascular changes. However, the risks of catheterisation are significant. A series from the Mayo Clinic reports a 4% mortality from right heart catheterisation excluding angiography. 26 Atropine, adrenaline and a transvenous pacemaker should be at hand to deal with severe bradycardias which may be induced. 1.20 The catheter may prove difficult to insert, as in Case 2, either because of tricuspid incompetence, an enlarged right ventricle and/or a low cardiac output. A catheter with an extra port for a stiffening guide-wire and X-ray screening may be helpful. I The risks and difficulties of pulmonary artery catheterisation are outweighed by the value of the information obtained. Intra-arterial blood pressure monitoring provides beat-to-beat monitoring during a period where there may be sudden hypotension. Blood gases should be monitored frequently. Pulse oximetry is valuable in a situation where hypoxaemia is not uncommon and must be corrected rapidly due to its adverse effects on the foetus and pulmonary vascular resistance. 8 ECG monitoring is mandatory due to the high incidence of arrhythmias.
With a dilated and hypertrophied right ventricle any decrease in venous return may cause a precipitous fall in cardiac output. Blood loss must be monitored and hypovolaemia avoided. Aortocaval compression and the Valsalva manoeuvre should be avoided. 2o Myocardial contractility must be maintained and agents with negative inotropic properties, e.g. volatile anaesthetic agents, thiopentone and calcium channel blockers must be used cautiously. Systemic hypotension should also be treated aggressively as it may result in myocardial ischaemia in the already stressed right ventricle. 9 During parturition and the post partum period there may be an acute rise in pulmonary vascular resistance with a consequent fall in cardiac output. Many factors may precipitate an increase in pulmonary vascular resistance: 1. hypoxia, 2. acidosis -respiratory and metabolic, 3. hypothermia, 4. high intrathoracic pressure, 5. increased endogenous catecholamines and 6. anaesthetic agents -nitrous oxide, ketamine. 8 . 27 However, despite these factors being avoided there are still unexplained increases in pulmonary vascular resistance. 16 ,19,20 Suggested unconfirmed aetiology is of amniotic fluid embolism or in situ thrombosis. 19
Anaesthesia and Intensive Care, Vo!. 18, No. 3, August, 1990 The management of this increase in pulmonary vascular resistance may include: 1. pulmonary vasodilators, 2. inotropic agents or 3. volume loading. Treatment of the cause with pulmonary vasodilators is the preferred option but unfortunately not all cases will be responsive,28 nor is a specific pulmonary vasodilator available. The vasodilators may have a number of detrimental effects: I. systemic hypotension, 2. arterial hypoxemia, 3. negative inotropism 28 and 4. foetal and uterine side-effects. Therefore vasodilator therapy should be titrated carefully with shortacting agents using oxygen delivery as the therapeutic end-point.
Sodium nitroprusside was an effective pulmonary vasodilator in both our cases and has been used previously. 2 It caused excessive systemic vasodilation in Case I. One should consider the adverse effects of cyanide on both mother and foetus.
Glyceryltrinitrate is an effective pulmonary vasodilator with lesser effects on the systemic vasculature. 29 It has minimal effects on the foetus and uterine activity. These properties may make it the agent of first choice. It was used successfully in Case 2.
Prostaglandins, PGE 1 and prostacyclin have been used in the treatment of primary pulmonary hypertension. 3 PGE I causes increased uterine tone which may result in foetal distress, a probable contributing factor in Case 1.31 Prostacyclin is a short-acting agent with rapid clearance by the lungs. It may still cause systemic hypotension;3 it has mild uterine relaxant properties. 32 Inotropic support may improve the function of the right ventricle when there is increased afterload. If systemic hypotension is present correction will improve myocardial bloodflow and function. 8 ,33 At doses less than 1 0 ~glkglmin dopamine causes less pulmonary vasoconstriction 8 than adrenaline or noradrenaline. It has similar detrimental effects on uterine blood flow. 12 Noradrenaline has proven effective in animal studies in improving cardiac output during acute rises in pulmonary vascular resistanceY Isoprenaline and dobutamine have the potential to cause myocardial ischaemia due to systemic vasodilation with consequent hypotension and increased myocardial oxygen consumption. 1 ,19.20 However they may cause pulmonary vasodilation I and will have minimal effects on the uterine vasculature. 12 Increasing pre-Ioad with volume loading is unlikely to improve cardiac output in an already dilated right ventricle and may precipitate right ventricular ischaemia due to an increase in ventricular wall tension and right ventricular enddiastolic pressure. 33
Oxytocin may cause an acute deterioration in the circulatory state. Its usual action is to cause systemic vasodilation and hypotension especially when used as a bolus dose. 34 However in Case 2 it precipitated an acute rise in pulmonary vascular resistance and fall in cardiac output at low infusion rates. This was despite no increase in the number or intensity of contractions. Exacerbation of pulmonary hypertension with oxytocin has been reported previously. 18 This matter requires further investigation but until oxytocin's actions in pulmonary hypertension are more clearly defined, we consider that oxytocin is relatively contraindicated in these patients. Ergometrine and prostaglandin F-2-alpha are contraindicated because of their pulmonary vasoconstrictive effects. With this information induction of labour becomes a practical problem and where possible the natural onset of labour is the preferred option.
How to provide analgesia and/or anaesthesia?
Analgesia will have to be provided for vaginal delivery and anaesthesia for caesarian section be it either elective or emergency. Uiuelieved pain during labour results in increased cardiac output, oxygen consumption, minute ventilation and circulating endogenous catecholamines. 35 These stresses may tip the balance in pulmonary hypertension. It is therefore essential to provide optimal analgesia during labour. Patients' analgesic requirements vary greatly but the available techniques are as follows:
a. Parenteral opioids -respiratory depression should be avoided as acidosis is a potent pulmonary vasoconstrictor.
b. Epidural local anaesthetics -epidural blockade will attenuate the response to pain 35 but the risk of extensive sympathetic blockade is lurking in the background. Ifblockade is limited to T 1 0, cardiovascular disturbance should be minimal provided there is careful volume replacement to compensate for venodilation. 36 Patients with increased right atrial pressures may have dilated epidural veins and consequently be sensitive to small volumes of local anaesthetic as was seen in Case 1. Small volumes of adrenalinefree local anaesthetic solution should be injected incrementally but despite precautions severe hypotension may result as occurred in Case I. Hypotension due to a decreased systemic vascular resistance in circumstances where cardiac output is relatively fixed may prove difficult to treat and volume replacement and ephedrine may prove ineffective. Vasoconstrictors will increase pulmonary vascular resistance and may have a detrimental effect on uterine blood flow. Hypotension must be rapidly corrected because of the risks of right ventricular ischaemia~ and foetal hypoxia. Despite these risks epidural local anaesthetics have been used' successfully in a number of cases. 15.19.20 c. Other analgesics Combined fentanyllbupivacaine has been used with haemodynamic stability.16 Epidural opiates do not provide adequate analgesia as sole agents. 37 Intrathecal morphine has been used successfully in pulmonary hypertension l3 and has been shown to provide adequate analgesia in the first stage of labour in both primiparous and multiparous patients. 38 The second stage or instrumental delivery may be managed with pudendal, caudal or low lumber epidural local anaesthetics. With intrathecal narcotics the risk of respiratory depression is ever-present. There is great concern in using naloxone because of its reported sideeffects of systemic hypertension, pulmonary hypertension and pulmonary oedema. 39 Anaesthesia for caesarean section may be provided by either general or epidural techniques. As discussed previously epidural anaesthesia has the disadvantage of producing a significant blockade which may become unmanageable, especially in circumstances where there may be significant blood loss. The epidural block should extend to T 4 to provide adequate anaesthesia 40 with resulting sympathetic block equivalent to or a little lower. 36 This blockade will result in an approximately 20% fall in systemic vascular resistance with consequent hypotension if cardiac output is unable to increase. 36 Should the block inadvertently extend above T4 then myocardial con tractility could fall and there could be further precipitous falls in systemic vascular resistance. 36 Despite these risks epidural anaesthesia has been used with relative haemodynamic stability. 14 The patient described in Case 2 expressed a strong desire to have a general anaesthetic if caesarean section was required. In the light of Case I this came at an opportune time but posed a number of problems. The standard rapid-sequence induction with thiopentone and suxamethonium would produce haemodynamic instability for two reasons. First, the potential for producing tachycardia, systemic and pulmonary hypertension with laryngoscopy and intubation is high. 41 Second, thiopentone will significantly depress myocardial contractility.42 An inhalational induction with halothane has been suggested l2 to ablate these responses to intubation but the high concentrations required will significantly depress myocardial 43 and uterine contractility. 44 The option of a slower induction increases the risk of aspiration, a risk that can be minimised by careful preoperative assessment of the airway, attenuated gastric secretions with H-2 blockade and sodium citrate and a skilled assistant applying cricoid pressure. A slower induction will minimise the risks of tachycardia and hypertension. Fentanyl may be used as the sole anaesthetic agent in patients with poor right ventricular function with relative haemodynamic stability. Large doses (50-100 Ilg!kg) have minimal effects on myocardial contractility and pulmonary vascular resistance with a slight fall in systemic vascular resistance. 45 It may be used in smaller doses (5-1 5 Ilg!kg) to modify the response to intubation 46 as in Case 1. The use of fentanyl may result in respiratory depression in the neonate but with an informed paediatrician, ventilation and naloxone therapy, it poses no problem. In Case 2, despite 1000 Ilg of fentanyl the neonate did not require ventilation. Pancuronium is the relaxant of choice as it avoids the fentanylinduced bradycardia and is least likely to produce hypotension. 45 Isoflurane is the volatile agent of choice as it causes the least myocardial depression 41 and has been reported to be a pulmonary vasodilator. 47 Isoflurane requirements should be minimised by supplementation with fentanyl to avoid severe systemic hypotension and decreased uterine contractility.
General anaesthesia avoids hypoxia and hypercarbia although careful ventilation should be employed to minimise the effects of positive pressure ventilation. s The arterial carbon dioxide should be maintained at pre-induction levels. Postoperative ventilation minimises the risks of hypoxia and hypercarbia while allowing analgesia to be optimally maintained with parenteral narcotics without the risk of respiratory depression. In Case 2 general anaesthesia was associated with periods of hypertension. These were quickly and easily controlled with further doses of fentanyl, increased concentrations of inspired isoflurane and intravenous glyceryltrinitrate. Hypotension associated with epidural anaesthesia may not be easily controlled as in Case 1 and produces in general a curve which has myocardial ischaemia as its bottom line.
Primary pulmonary hypertension and pregnancy has a survival of virtually zero and the combination should be avoided. The maternal mortality rate is better with vaginal delivery given obstetric normality. If caesarean section is required we would prefer general anaesthesia with full cardiovascular monitoring. This department looks forward to investigating the role of oxytocin further and thanks the nursing staff of Monash Medical Centre for their support in handling these difficult cases.
